In IP-based TV distribution, coding degradation is sometimes evident in critical scenes because the bit rate for compression is rather low. Prefiltering is an effective countermeasure since it replaces the coding noise with the degradation more difficult to detect visually, though it has the drawback that excessive smoothing might occur. This paper proposes a scene-adaptive method to control a prefilter separate from the encoder. By calculating block-wise motion-compensated predictive error variances and correlation coefficients, it estimates the coding noise as well as the potential improvement by prefiltering each frame, realizing a control scheme which performs prefiltering only when effective.
INTRODUCTION
IP-based TV distribution requires high compression coding since the available bitrate is usually low. Annoying coding degradation especially in the form of blocky artifacts unique to MC-DCT schemes such as MPEG-2 and H.264 is sometimes visible, as TV contents include various kinds of pictures.
One countermeasure in such cases is prefiltering which is often used to give the perceptual visual quality priority over PSNR and applies a low-pass type filter to the input video signals to reduce entropy and coding degradation. However, prefiltering has the side effect of blurry pictures so adaptive control is essential.
Lin [1] used a Gaussian filter whose size is determined by recent quantization parameters. Segall and Karunaratne [2] [3] further optimized filter control by positioning a filter just prior to quantization (after motion-compensated prediction). These schemes control the prefilter parameters along with quantization control, and so require that the prefilter be integrated with the encoder. This paper, in order to realize high-quality TV distribution utilizing simple inexpensive encoders, studies a prefilter separate from the encoder. A prefilter separate from the encoder cannot obtain feedback information such as quantization parameters relating to the input pictures. Therefore its adaptive control must be based only on the input video signals.
This study therefore is aimed at finding an appropriate method to control a prefilter that is separate from the encoder in order to improve the perceptual visual quality of the decoded pictures.
Another application of prefilters is improving the coding efficiency by reducing noise added to input pictures [4] . However that topic is beyond the scope of this study.
OBJECTIVES OF STUDY
To achive high perceptual quality TV distribution utilizing simple inexpensive encoders, the authors consider use of prefilter equipment separate from the encoder equipment, as described in 1 (Fig.1) .
Locally decoded pictures can be input as reference information as shown in Fig.1 . Codecs such as MPEG-2 and H.264 however usually have a coding and decoding delay of several dozen frames. Therefore unlike prefilters integrated with the encoder where feedback is fast, the feedback control may not work very well.
It is therefore important that control is solely based on analysis of the input pictures.
Principles of filter control in this study are as follows:
• Prefilters are not needed when the available bitrate is sufficiently large. It might in fact be better to avoid using prefilters since they cause a blurring effect. (Using a prefilter usually does not improve the total PSNR (filter degradation plus coding degradation)).
• Prefilters may prove effective when the available bitrate is insufficient and there is large coding noise such as blocky degradation. Even in such cases, because of the blurring it causes, the prefilter should be applied only when a large reduction in coding noise can be obtained.
ANALYSIS BY MODELING
In this section, we use theoretical modeling to quantitatively analyze the coding degradation and find how it is improved by prefiltering.
Here we consider a linear FIR filter consisting of m coefficients a i (i = 1, · · · , m).X, the output pixel of the filter, iŝ
where x q is the coding noise and the reference picture (motion-compensated predictive picture) is represented by
is small enough to be ignored, the predictive error variance σ
(1) where V ar(·) and Cov(·, ·) respectively denote the variance and covariance. V ar
) is the variance of the motion-compensated predictive error between original pictures without noise and is denoted by σ 2 x0 here. Then,
where ρ(i, j) represents the inter-pixel correlation coefficient of the motion-compensated predictive error.
Here we consider a horizontal one-dimensional filter for the sake of simplicity. When the correlation coefficient between horizontally neighboring pixels is denoted by ρ, the general characteristics of the image signals yield ρ(i, j) = ρ |i−j| . Since the inter-pixel correlation coefficients of the predictive error signals are generally small, we consider only the first power of ρ. We then obtain the following from Eq. (1):
On the other hand, given the bitrate and the block-wise predictive error variance, the coding degradation (variance of coding noise) for block-based MC-DCT coding is represented by Eq. (7) in the Appendix.
Let us now apply Eq. (2) to each block. From Eq. (7), the coding degradation without prefiltering, n nof il , is
Similarly, from Eq.(2), the coding degradation with prefiltering, n fil , is Eq. (3) and Eq.(4) allow deriving the improvement of coding degradation by prefiltering as follows.
4. PROPOSED SCHEME
The authors propose a prefilter control scheme using the following steps (Fig.2 ).
1. Perform processing frame by frame.
2. Perform simple motion estimation. One example is the iterative gradient method in [5] which can estimate optical flows with simple hardware.
3. Generate a motion-compensated predictive picture using the motion information.
4. Generate a difference picture between the current frame and the motion-compensated predictive frame, and calculate the block-wise variance and correlation coefficient between neighboring pixels. A typical block size is 16x16.
5. Estimate coding degradation without prefiltering from the block variance values and information about the encoder in use, referring to Eq.(3).
6. Estimate the improvement in coding degradation by prefiltering from the block correlation coefficients and Eq.(5).
7. Judge the prefilter as effective when both the estimated coding degradation and its potential improvement are large, and apply prefiltering to the input picture.
In prefilter control it is better to adjust the intensity of the filter continuously rather than by simple on-off control. Continuous adjustment yields better perceptual visual quality since on-off control might cause flickering in the picture.
COMPUTER SIMULATION EXPERIMENTS
This section discusses the accuracy when estimating coding degradation and the improvement obtained from prefiltering which is the core of our proposed scheme.
A one-dimensional horizontal 1/3 low-pass prefilter was used (This bandwidth is selected as a ratio of horizontal pixels of SDTV and HDTV, 720:1920). Tbl.1 shows the coefficients. The motion estimation method and block size shown in 4 were utilized.
Various kinds of test pictures were selected from an ITU-R library [6] : These included Balls of wool, Birches, Cheerleaders, Flower garden, Horse riding, Kiel Harbour-4, Mobile and calendar, Popple, Summer flowers, and Tempête. There were a total of 10 sequences, each having about 900 frames.
An H.264 encoder, JM9.8 was used with a picture structure of (IBPBPB....) and spatial direct mode. Three bitrates, 0.5Mbps, 1.0Mbps, and 2.0Mbps were examined. The results hereafter use about 500 frames of luminance signals from the 400th frame onward where buffer control is already stable. Fig.3(a) shows the relationship between the frame PSNR and its estimated value according to Eq.(3). The bitrate is 1Mbps. The approximating line is y = x − 0.65 with an average estimation error of 2.6 dB. Similar results were obtained for 0.5Mbps and 2Mbps. At a bitrate of 0.5Mbps, the approximating line is y = x − 2.78 with an average estimation error of 2.5 dB. At a bitrate of 2Mbps, the approximating line is y = x + 1.44 with an average estimation error of 2.7 dB.
These results show that the frame PSNR by H.264 coding can be estimated with an estimation error of about ±3 dB, although the approximating line depends on the bitrate. This confirms that our proposed control scheme, which applies a prefilter only when coding degradation is large, can be realized.
Next, Fig.3(b) shows the relationship between the improvement in frame PSNR and its estimated value according to Eq.(5). The bitrate is 1Mbps. The approximating line is y = 0.98x with an average estimation error of 1.0 dB. Similar results were obtained at 0.5Mbps and 2Mbps. At a bitrate of 0.5Mbps, the approximating line is y = 0.85x with an average estimation error of 0.9 dB. At a bitrate of 2Mbps, the approximating line is y = 1.13x with an average estimation error of 1.0 dB.
These results show that an improvement in the frame PSNR can be estimated with an error of about ±1 dB, although the approximating line depends on the bitrate. This confirms that our proposed control scheme, which applies a prefilter only when the potential improvement in PSNR is large, can be realized. The reason why the slope of the approximation line becomes smaller as the bitrate becomes smaller, is that Eq. (7) on which Eq.(5) is based, assumes a rather high bitrate as described in the Appendix. When the bitrate is low, all DCT coefficients in some blocks are discarded, and such blocks do not contribute to the multiplication in Eq. (5) . In other words, the improvement in PSNR becomes smaller.
Tbl.2 shows the average coding PSNR without a prefilter and its improvement by prefiltering. As can be seen in the table, significant improvement (over 5dB) can be obtained for Balls and Mobile sequences, for example, whereas about 2-3 dB gain can be obtained in other sequences. Cheerleaders, which involves complicated motion, yields the smallest improvement, since the motion-compensated predictive error picture has rather large inter-pixel correlation. These results confirm that a low PSNR without a prefilter does not necessarily mean that prefiltering will prove effective for the picture, and so that an appropriate control is important.
In addition, we subjectively evaluated the decoded pictures using the prefilter of Tbl.1. As a result, the prefilter proved effective for Mobile, Popple, and Balls especially when these were encoded at 0.5Mbps and 1Mbps. Without a prefilter, blocky degradation was clearly observed around the paintings on the wall in "Mobile", the columns of the cage in "Popple", and the woolen yarn in "Balls". On the other hand, the prefilter showed little significant effect for Cheerleaders.
The approximation lines in Fig.3 and especially that for the estimated PSNR (coding degradation) depend on the encoder being used. So from a practical viewpoint, use of customized estimation tables specifically made for the encoder from test pictures is appropriate. In the case of this experiment, such a control would be possible that the prefilter is applied when the estimated PSNR is below 30dB and the estimated improvement in PSNR is over 3dB.
The above demonstrates the effectiveness of our proposed control scheme.
CONCLUSIONS
This paper has proposed a method to control a prefilter separate from the encoder in order to improve perceptual visual quality of low bitrate TV. Our proposed method analyzes the input pictures to estimate the coding degradation as well as potential improvement obtained by prefiltering.
After simple motion compensation, the predictive error variance and correlation coefficient are derived for each block. Based on these, the coding degradation and extent of improvement from prefiltering are estimated for each frame. By considering the bitrate and the encoder being used, the frame PSNR of the compression coding and its improvement from prefiltering can be estimated with the respective average estimation error of ±3 dB and ±1 dB. Based on this information a decision can be made to skip prefiltering in order to avoid blurring side effects or to apply prefiltering to reduce visually annoying coding noise.
Further topics for study include improving the estimation accuracy, optimizing the process by subjective evaluation, and refining the filter control according to the picture texture.
The authors hope that this study helps to reduce costs and contributes to the spread of IP-based TV.
